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Abstract of WO9808360 

An organic EL device wherein a particular 
coumarin derivative is incorporated into a 
luminescent layer and a particular 
tetraaryldiamine derivative is incorporated 
into a hole implanting and/or transporting 
layer. Further, a particular coumarin 
derivative, a particular quinacridone 
compound, or a particular styryl compound is 
incorporated into a mixed-layer type 
luminescent layer. By providing two or more 
- c luminescent layers including a mixed-layer 
type luminescent layer, incorporating two or 
more dopants, and effecting light emission 
from two or more luminescent species, an 
organic EL device which gives high- 
luminance light emission, enables continuous 
light emission, and has high reliability is 
realized. Further, multi-color light emission 
becomes possible. 
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MBS 6 3 - 2 6 4 6 9 2 ^. 3 - 2 5 5 1 9 0 5 - 7 0 7 3 3 

ftl»¥5-2 5 8 8 5 9^, - 2 1 5 8 7 4 CUSJ^ttT^S 

AfttfHdfcL tT, HJ7 (8-*/'jy5M 7^$-9A. t'7 (8-* 

7 (2->fjl,-8-^y'j;7h) THz^At^yF, h'J7 (8-*y 
Uy^h) Ov^A, MJ 7 (5-73^-8-*^ Dy^M 7Jl^-«7A. 
8-*7 U75 MJ^A. MJ7 (5-^DD-8-*yijy7h) #U"7A. 
t'7 (5-70D-8-^/Uy^h) rt^v^A, 5. 7 -5?* 8 

yjy 5 h7;u = -^A, HJ7 (5, 7 --77'd*- 8 - t Kn*j/*y u y 

■7h) T^S-^A. *>J (II) - t '7 (8-kh*D+y-5-4/iJ- 

;u> 7 7» . 

-")A»#TftoTt)i<. ^©«k7^t>©t LTtt. t'7 (2-73^-8- 
(7xy^K) -^ACllI), t'7 (2 - 8 

(^h-^Wb) 7JU5 = -7A(III), t'7 (2-73^-8- 

*yuy-7h) (^^-^i/«/7h) 7;^-7A(iid. t'7 (2-73^-8 
-^yjy^M (A*7-7uy^K) -?a(iid. t'7 (2-y^;u- 
8-*y 'j y 7 M (tJPh-7i^7i; 7 h) 7^= -7 a (i id. t'7 (2 
-7^;i>-8-*y u 7 7 b) (^^-7x-;u7xy 7 h) 7;us -7a(iid. 
t*7 (2->^-8-*;uy7h) (^7-7i^7i/7h) 7;u=- 

«7A(III), t'7 (2~73^-8-*y Uy^h) (2, 3 - i ; / ^ ;l/7xy =, 

b) 7;i/^ -7A(iii), t'7 (2->f;i,-8-^/'j;7h) (2. 6-->*y 

3^7x7 7 h) 7;US-7A(III). t'7 (2-73^- 8 U y 7 h) (3, 

4-v7^;U7xy 7 M 7;i/i-«7A(III), t'7 (2 -7 3^- 8 -*y U 7 
5 h) (3, 5-y^Wi/7 M 7;U5^-7A(III), t*7 (2 -73^1/- 
8- + ;'J /7h) (3, 5 - v-ter(- 7*3^7x7 7 b) T)VS. -<5A(III), 
t'7 (2-7^JU-8-^yjy 5 M (2, 6-y7i-^7i; 7 h) 
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= X-7A(III). fX (2-W-8-*;'jy7H (2, 4, 6-MJ7x 
^71/7 M 7JU5X9A(III), t'7(2-^^-8-4 i ; i J/7h) (2. 
3, 6 - h U^^7x; 7 h) 7;u= -^A(ni). fx (2-*^;U-8-* 
yjy^h) (2, 3. 5, 6-xh7^f^7i; 7 h) 7;i/S X«7A(III), 
fX (2-^^-8- + yj/7h) (l-t7h7h) 7;t^-9A(IIIh 

fx (2-^^;i/-8- + y>jy^h) (2-t7hn) 7;p$-^a(iid > 

t'X (2, 4-^^-8-^yj/7h) (^h-7x-;i/7i;7h) 
7;i^X<7A(III). fX (2, 4-y^^-8- + yjy7h) (A7-7! 

-^7x; 7 h) 7;ua-^A(iii). t*x (2, 4-w;p-s-*;u 

h) U^-7i-^7i;7h) 7^$-^7A(IIl), £X (2, 4-v*5^ 
-8-^yU;7h) (3. 5-y7^7x7 7h) 7^5"^ A (111), t'X 
(2, 4-y^^-8- + 7'J/7h) (3, 5-->*-terl-^;U7xy 7 

K) 7;p = xyAUlih fx (2-^^-4 -x^;i/- 8- + yu/7h) (/t 
v-iPW/^Y) 7)l$-VA(Ul), fx <2-*3\H,-4-* h 4 -> - 8 - 4- 

yuy^h) (/i7-7x-;u7xy 7 h) 7;u5-«7A(iid, fx (2-/^ 
)V- 5-->7;-8-*; v/ 7 M (*;n*-*n/5 m 7;u5 -7A(iio, 

t'X (2 - ^f 6 - h 'J 7j^O>f 8 - + ; »J 7 7 h) (2-t7h 
7h) 7;U5-!7A(III)«*«**. 
^OIi*>, t*7> (2-/fJl,-8- + /U;7h) 7^$-7A(IlI)-w-^- 

*v-tx (2-^f;i/-8-+yjy7h) 7;i,$ -7A(iid, t'x (2, 4 

-■>7f>ll/-8-*y'jy7h) 7;U5x9A(lII)-/i-;j-*y - f x (2,4 
-y7f^-8-4>"J;7M 7;U5--7A(III), fX u-x^;u-2-* 
t\>U-8-*/* U J 7 h) 7JUSX«7A(III)-*i-**y- tX (4-X^;U- 

2-^^;u-8-^y »jy^h) 7;u=-xsa(iii), tx (2-*^;p-4-y 
h*->*/ u; 7h) 7;P5x^A(iii)-tf-^+v-f/; (2.-*^;p-4 - 
^v*y*;uy7h) 7;usx-7A(iii), fx (s-yjy- 2 -*?)v- 8 

-*/'j;7h) 7;i/=X*A(IlI)-//-**y- fX (5-->77-2-/f 

;u-8 u h) 7;i^x?a(ui). fx (2-^^;i/- 5- h'j7j^ 
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^- 5 - h >j7WD^f;p- 8-+yjy7 h)7;u = -£A(iii)3?t&oT 

ZKZJifrtXD** httfitim 4#Sfl¥8 - 1 2 6 0 0^fllsS»c£>7x ~ JU7 
>h7t>^^Wf 8 - 1 2 9 6 9-^IIIB«!c^)x h^7'J-;UXx>8^^ 

« (V) 

A'-L'-A 2 (V) 
ft (V) Cit>T, A'fc^tfA 2 ^ ^^y7i^7>h'JJHSfcHe; 
7x~^7> h UM^SL, £ft6liE-Tfcftfc*fc0-C*oTt> € fc(,J. 
A', A'TS^ftSty 7x~;U7> h'JJHsfctty7x-Jl,7> h U ;ug 

StLTte. 7)V*)Vm. 7 'J -JUS, 7Jm*->*. + 7=y 

£#5 7x-JUSCD$g'&&E«7> h5-fe>iB©9tt, 1 0 <£T»* d 
a (V) tC43^T, L'ttJ|itt^*fctt7«J-U>**«T. L'TS$tl-57 

h'7x-u>s, 7>h»j u>mm(Dm^<D7^-u>m(Dm. 2P&i>L j E-n 

U*±07U-U>gaqi&®£Lfcfc0#3H:f L'tLTtt, 
p-7Hl/>I, 4. 4' -f7iZl/>IWSlK 

L , Ta$n*7 l J-U>StJ, 2<H^UL^-na±(D7'J-U>S^ 
7JU*U>S. -O-. -S^tfctt-NR-^aLTltet5fe©TftoT 
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(V I ) 



* (VI) fcfcHT, Ar', Ar 2 ^Ar 3 ll U d 

tl b ttm— T ftfc 5 & CDT $ -3 T t> «fc 
A r <~A r 3 TS$nS5?#^«i Ltd 3*KKfl:*ft£ ( 7 U-;|*> . 

tt. tt**ft#6~3 0©fc®*tfr*L<, ■iim6t»©T*^Ttil> 1 
efcS£W-rs«£©fi&S£LTte, 7JU***, 7U-'U*. 7;H3*->£ % 

7x-;>s, 7^71=^1, 7;m^->7x-;u«, 7 >;-;u7x-;us. 
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S6x-f;^fctt^iS7 = eKsstis 2 ~ 6 m. mz 2 ~ 4 i©^it 
a (v) , (vi) wt&mtm<Dm&i£mz&?T&?mm&&zMzjEiim 

■ C*»t5^(I)0^-7'J>R*flc©^«tt. 0. 0 1-2 0*1*. SStttO. 
1-1 5wlXt-T*£t36«ff*L^. 

iR^r**Yk^*«:*irU7C»LT*3£3a:fl:^*ir5£4:T. llft^AS 
W>®mi*Zz<DJ:z)tzM&m\ztt2-&2>z£iz£r), * + 'J7C^LT$ 

5>€ffllrJ*£<fc*J»SL<. a^WHUSC (II) ©fh77'J-^7i>S§ 

N. N ' -k'* (- 3 -^fJP7i-Jk) -N, N ' - v 7 x - ;i/ - 4 , 
4* -y7=; t'7x-Jl,, N, N ' -b'X (- 3 - t'7x~;U) - N, N' - 
y7xZJl/-4. 4' -y7S;k'7ii;k N, N ' -fT. (- 4 - t -7*^ 
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JU7x-;U) -N, N ' -y*7i3-l, 1 ' -h'7iZJP-4, 4' - i?7 
N , N, N' , N' -fF7^7 (-3-b*7x-;U) - l , i ' -f 7 
x-;i/-4. 4' - >* 7 £ > , N, N' -->*7x-;i/-N, N ' (-4' 
- (N-3 (^^7x^) -N-7x-;u) f7x-;i/-4-<;U) 
^>-7v>&<h\ *#WHg6 3 - 2 9 5 6 9 5^ 4#M¥5- 2 3 4 6 8 1 f, E 
P0650955A1 (ttfoftmW- 7-43564^) ^{;:IE^©{l:S^3nf 
6*1. tt^Tt)S: (ID ©rh77U-Jk>7$ *LU. *£. m 

^aA^&ttffc^^LTte. */u>li§i£ft. $bic(*8-*/ ijy-^i, 

d©«*©S£ifctt. *t'J7i«, **'J7»»Klc.fcDg£ifc£fc«>a:: 
99-99/1, 0/8 0- 8 0/2 0. fttCte 3 0 / 7 0 ~ 7 0 / 

iz£?Tizz<Dmm\*gttt£^. 

BSOBIll^ltfcfiR^ifflti, HE?L (*-*) <hW©m«E!BS«:WJ£L 
£«9£L££fr. *^©*MflW<iE?L©*8ttMllit^2«£e*5fc0!), # 

Onm, ftlltt 5 ~ 5 0 mffZ Z t Lis, 
fcfc. ±Ba©^-5tt»^llc*jirJTtt, 5t (I) ©^-7»J>Ki»^og^, a; 
(III) ©*:*-* U K>ftft*Sftaa (IV) ©Xf'JH7$>^tl^h*-A 
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#<h|3|&T&3. 




O R 2 2 



£ (III) COlJTRWSi, a (III) R*.*5«ktfR 2a tt;jc*!gC*, 7 

Ri.. R*iT«*ft*7'J-JUS£LTtt, ■»*fc*LTHTfc«fc< . ^ 

te. Rj,> R2j©t^5©t>OtFI*Ot)©**^SCt3&«T*2>. t&<£tfu 
ttfc* 0*&Kn^4®S»T*9, 0T«5:W$l/K t. uifi2$k± 
T£3i:#, BS&T5R*3|5]±, Ri«H±ttSW;:*S£LTlll£fl&i«LT'b«J:< . 

3£ (III) <D*7^'J K>fc£ttOJWWyfc&Tfc5?-r. HfcfcUJTIESt (HI 

a) ©R,.«»©a^Tsi/Tii5. mm<Dm$^>-z>mz\ti-&~ 
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No. 

111-1 

III-2 

III-3 

III-4 
III-5 
III-6 

III-7 

III-8 
III-9 

111-10 
111-11 
111-12 



^21 

H 

-CH 3 
-C 2 H 5 

-C3H7 
-C 4 H 9 
-Ph 

m-h'j;i/ 




N(Ph) £ 



-CH, 



H 



i 2 2 
H 

~CH 3 
-C 2 H 5 

-C 3 H 7 
-C 4 H g 
-Ph 



■*23 



^24 



m- 
P- 




/ 



\ 



N(Ph) 2 



H 

H 

H 

H 
H 
H 

H 

H 
H 

H 



-CH, 



H 



H 
H 
H 

H 

H 
H 

H 

H 
H 

H 
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Ctl&0fl:*«i&»0att. 0!l*tf*Blttttft2 8 2 1 5 2 9^ m%2 8 
21 530^. mm 2 8 4 4 4 8 4§. P?*2 8 44 4 8 5 WckoT^T 



(^34)v 




a (IV) a (IV) +. Ri.tt*m«fc|J7'J-W 

R32. R»iT**tlS7'J-;U*i:LTtt«ftS**r*'bfl!)Ti6^Tt)J:<, 
HJ;P»**t*tfStL ■«*£LTtt7'J-;U75>'£, 7U-;U7S/7>j 

©.tsfca^a (iv) T^$nsfl;^<ft^e>R*$ti5-ii©sisi±*i. ^ng 

*>H^^'j;U*&»(KLTU5C:t*«»*L<. £©«fc5ft*S. a (iv) t*^ 
£ L J: 5 & ffi m T & -5 d £ » * L t » . 

R»«tt7U-;P7Sy**fc»47U-JU7S y7'J-;Pg£&L, znblltt 
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a (IV) 07f'J^7S Wt^OA^J^^TlC^I". 
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IV-5 
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unfto^fttt^ftojis, 0J*tf hj 7x-;t,7 = w i t t i 

&Sl>teNi (O) m&&m\>*TJ\n!f>1£ h 'J 7x~;U7 = > 

Tfc«k^. -ttWKtt, *«^«J»*3R#TS*\ **Uttjg«£: 

*«(II)Oxh57U-;^75>»»#tflf«T#*jE?LttXtt*J:at/* 

tttliattOljSCft^ftiLTB:, 4#fflD3 6 3 - 2 9 5 6 9 5*&«. 

2 - 1 9 1 6 9 4m #l$¥3- 7 9 2 ^*f CBiStiT^SftMi 

&*£fr-e5*g£. &1"Lt>a (II) h 7 7'J-^y7i >KW#l3lB5tS 
ft T/£<flH> Set *-?OtttHz«k^Ttt»^lH»»T*iE?Ltt 
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HLttAI3li*I?iaAliiai8ltl:»inRlt5«fttt. JEJI& 
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iEi7$>oo. i ~2 Owtx T$5:t^Ln, co«k3?i;p^i/>iz 

OUTte. EP065095A1 (MJU#K^7-4 3 5 6 4§) ^<Df2ic£# 

( 8 <J y 7 h) 7;P5-^AO s fc-5^«^aA«52H4^«5$r^Wr?>« 

* ® Migff * b * mm=®7 $ > © J; 5 &IE7La A$S &1i<t£#i $ 5 1 
*©#iEifi£lir&T£<fcTjEftSAjfc£ h UA (8-4;g 7 h) 7 

*56«H*5UT. BffiKti. tt*Nft®/h3t>tm. W^tf. Li, Na, M 

g. ai. Ag. i n**w*cne>© iaet±*^tr^*ffl^szt**»* 

64:^tiftlK H@©JP$tel 0- 1 0 0 0nngK£Ta;L£jW?£ LH. 
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I ZO (SttK-l/BSfc'f A) , S n0 2< N i . Au. Pt, Pd. h* 

HfiOJV$«l 0- 5 0 Onig££T*;:£a«ff$U>. *^0«flft£ 

-3 0 Q/cm 2 £rt:tel OQ/cm'&T (fflflfO . 1-1 OA/cm 1 ) ©I TO (Bl 
£-1 0-3 0 0nm) WmfbtlZ. HBBfcte. I T 0^1 t&m&STOfttf) 

^tUf/WXC^liTtt. I T0®tttt#;fc#<&3fl>T?A 1 ^Wi2^*LT 

tf» Umax 490-550 nm) , ft Umax 4 4 0-4 9 On) , # Umax 
5 8 0-6 6 0nm) £>£ft£f#S Z t #KAmax 4 8 0 - 6 4 0 nmCDfS 

■J«a±*&ttNTSC*!pOft||*tBj«;-p*ntfJ:^. 
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C L < . dtllwi 0 s^Oifftte • «jj*©=i > h 5 x H t>f6]±-f S. 

ST5ft(iia<Z)«£5 6 0nm&±©i£££)ft:fcj;tf4 8 Onin^TO 
««<03fcT*0. ft<D®£4 9 0naiW±©^S©^Ta5 0. #<B*S5 8 0nam 
T<Bifcfi®flfcT*3. dO«k"5^:*7-"7-f 0. CIE 

5-20 utmmtrtut^. 

ax*<»<&*&4 9 0-5 5 0 nun f ©«&4 4 0-4 8 Onra, ^tf)Ji-& 5 8 0 - 
6 4 0nnT*0, Auax#ift0*^£ 10-10 

□ -^5 mu>%it£®. '>7->%jt£®. 7*d->7">& 

I TO^|;;^-y$S(tf ( |;Uj;^ (t t|pj f JU li 
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oil* » 1-10 ^1:^0,7^ ;p^-tt©^ 

7,f\y9s CVD) ^fC^T^TSCIi^-etS. 

7 J E^7 7X«»*fcttM4ttff3jf 0 . 1 um^T (9*.' TISMfiO. OOly 

XSltO^B<|l:l£$tl«^«t, 1 0- 3 Pa (1 0" 5 Torr) £*T0*£« 
£U «*»ffttO. 0 0 1- in«/sec MitSCtWiLK g 
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TWfSLl^tf. f^HaLT^blf Ltti^. jgftS«ji 
e>3-K f^yy, . 7>^i7^Dvi 7 f- (LB) ft 

«#a£;:n£0»«a©jE?LaBtt0«ttJl /H^-7lM 

/w#-5ffl»5titt. a*artT©a^ttA-a2it*-^aA- 
a»*«n gaa* o . a* fc*-;ujww6*£*K$Mrr* z tTsa-&*< > 

^^twKwrsta^aiittad^aAsnsa^cismfiiEffiScb^-jUft 
atta*»6ttA*n**-;ncj:4«ji[BaE^Bia*o*-^-. -r^^^a* 

t'J7©<jtffigCtt*U/10-lO/l. ff*L<ttl/6-6/l. £0 
»$L<|j:i/2~2/lT*l)^lT*i.. 

rai:aaftaif», k%iojhii«i tf>i*©i»si:«iiL, ^oaasftoa 
aa^&^t&naj:^. 

©t*o, a^a2itt©t>©tt. a^o«aEM*vw*-"7Si«i:oiBftit,oT 
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a. 

mm - n?mxk&m • *-;m35tt«T©+t u 7»g .+ t 'j7 

x*;M=-i^;|,) £©*:£, **JI^O**r U 7««M»a. 

&»ft*^®*^K:»T*«#*U>tffcL<tt, IMfCifintf KO. 2 V) 
T*ntf»3161^O*+lr , J7ttA«»iraaflEtft0. fg*Ji&#ffiifi&T©m 

7 Utfltf, 583t*rtTWg^(*r U7(7)J5#fttt*«7iU*^) 

'J7©feg (>o. 2eV) «*fft««*ft. «j»M«t||;«ter. 
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iil«tlTOtt»J7«§[«It5CiT, ■tto«>*Vl*W3i*S£Vmt t 
**«WTO#*tU7ll»**Mr«CtT±EOJ:5M>fija:»^in* 
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5. 
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^OJ:5ttS*ttig^JI*«3li£(±T»-3T'blBI«T*5. 
*SiEJLHiatt0«3MK ■*fMflO*fc2mtt&«*tK9rr«. IE TUB 

x*;^-»»r*CtCJ:0. 2ao563tll*«*3t?IllBC^oTH5. £&, 
IE?L8ii£i£<Z)JiO K-/t> h L UMOVttt^^T^Watftl, IE?L*&i*1±5g 

»a»SttA*ftfc*TO. tt?Ni&tt0£ftJI4'£ML£&JI'vig*. JEM 
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ii) . iii) KOHTtt, dttSO&^-th &£UI2;:fi£> fC&^T&^JIfc 3 
It*«itT5/9 5-9 5/5©«H©a*^6a«$n«. IE?LftA^igtt 

^OJ:5ft*ft**l=#*Lfc»*JloiJiafci3©jpStt5-l OOnm. * 
6 fctt 1 0 - 8 0 mT* * :i*t«F*L<. £*]f <D£ffj?$ (i 6 0 - 4 0 0 run 
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*<T?#3. 5$ (VII) T?*«*tt*«££l||{fc£tofcfiU>5Z<h#T**. 

a (VII) K^HTRBJT*. 3C (VII) lCttffilE<Z);i,"7U>fc&£$tt3. 
(Ar) „-L (VII) 
3 (VII) KS^T, Artt^TOSiSL mtt2-8©B»T*0, 

3?§»!S*£LTra:. 35f§iSi&fc*fc8lg. ***tt*St»**t*tf &tt*. 

5t>OT*oTt>J;l». mfc*fcWT3«£®«*S£LTtt. 7;>*JUS, 7 

7'j-;P7x->ius, 7'J-m>/7i-;n, 7^^-;i/-7 
=ju**t**«*jfsn*. s/t. 7ju+-;u7u-> (7U-;u7;u^» 

try ^£ft£*<#tfsns. 
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7x_;ug, 7'J-;i/7x-;us, 7j^z;|/7izjh. 7$;7xzjh, 

x^JUS. (n, i) -yne;U*. (n, i, sec. tert) -7f 
JUS. (n. i . n e o, tert) -^>5 1 ^5, (n. i , n e o) 

is)vmm<D7)i*)vmifim-jc>ti, cns®7;i^*©7x:z;i,*c*m5it 

fcftgtto, m, pfionrnn^TfeiK ^©«k"5^7;u+;i/7 X -;us 
OR#«tLTH (o. m, p) -h»j;p$, 4-n-^7iz;H, 4 

7'J-;l,7xz;HiLTH 7>J-;i,g|5^7x-;bS-C , *-5t>(D^^L 
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j:ot/*fctt(*aitt©Ji, mm, M«ttire&nttT«s. 

(HJfiM 1 ) 

mtsi oomo nom^nm (mm) m^^/^^s^^, y 

4. 4- , 4" -MJ* (-N- (-3-^^7i-W -N-7 
x-JU75y) hU7x~;U7 5> (MTDATA) 2 nro/sec T 5 

Onn<B££k:£*u iEJUfcAJtLfc. 
Wwfcfcttll- 1 0 2 ON. N' -y7zi;i/-N, N* -fX- (-4 1 - 
(N- (m-h'7x-;U) -N-7i-JW 7$ J f7i^- 4 -<JU) ^> 

&*&g2nm/secT2 OnaKBJSSK&frU ETLM^ff^ Lfc. 
*^T. mfKfc&m I-201th'JX (8 U/7h) (A 

1Q3) £fifiitT2 : 10 0OWTJ, 5 OnnOS U BttStLfc. 
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/■7h) 7)l'z.—V&&mmi&&0. 2nn/secTl OnnOJPSIi&JtLfc. 

$<=>{;:. MgAg (fifijt i o : i) zmmmmo. 

2 on/sec T2 0 Onn(DJP${cai*LTttffit L, «SIilTA 1 * 1 0 Onm 

C©EL*^l3«E*BIJ0LT««*StLfc<l:^5. 14V - 80 OmA/cm 2 
T 1 0 3 8 0 0 cd/m 2 CDj®£ (fgftS^&fi A max= 5 2 5 nm, x = 0 . 

2 8y = 0. 6 8) <&»ft*<WB$*u :i<7)§£ftteg;J£7;Uzf >#H^* T i o 
0 0 0P#IH£U:££LTlr>Jfc. »5)'«*«3t«omS*«t^i«fitt±< 

®g<D#Mtel 0mA/cDi 2 ^^mMS)T 8 9 OBflBJ (#J8j*?g 1 2 8 8 cd/m 2 . 

IKSftmjEE±#l. 5 V) , &7#ift£3 0 0cd/n 2 TfJ4 5 0 O^TOofc. 

<f£«»0!| 2 ) 

0 2Oftfc0»C«3K<b^«II- 1 0 1 ©N, N' -y7i"Jl/-N, N' - t'7, 
- (4' - (N, N-t'7. (m - t'7x-;U) 75 y t'7x-JP- 4 ^ 

£0EL*^lC*E£WinLT*SS£86l,fc<i:C:5, 14V - 7 5 3mA/cm 2 
T 1 0 0 4 8 0 cd/m 2 ($?7fc*I*&g A max= 5 2 5 nn. Mil x = 0 . 

3 1y = 0. 6 6) ©5B**««BSn, ^©»3ttt«*a**Hft«*»T 1 0 0 0 

1 OmA/cm s 0Jt*SiUBttT6 8 0 ( 1 4 3 3 cd/m 1 . Sggjmm 
±# 1 . 5 V) ffl%mm3 0 0cd/m'Tte4 0 0 omUT'Sb-Drz. 

(nmm 3 ) 

nmm 1 jb^mic. ^i^t^i - 201 

ottb 0 £00 1 - 2 0 3 ^ffl ufc. 

^©EL^cmEESEnUpLTmSiESrfliEDttCl^, 13V- 5 5 3mA/cm 2 
T6 9 5 0 Ocd/m 2 0)&£ (»3t«*tt*Amax= 5 1 5 in. esigx = 0. 2 
6y=0. 6 6) <D$6*fc*<aH8Sn, £0§6ttftt£J»S*£B& t l J T 1 0 0 0 0 
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0nk/cv\*<DfenffimW}T6 0 0B#R8 (10 7 8cd/or\ mmni£±%- 
1. 5 V) &J$0S? 3 0 0cd/m 2 Tte4 0 0 OmfflT*$>-Dtz. 

©^OC^ft^ I - 2 0 2tffl^&. 

-0EL*^C«JE£WtObT«aEfc»Lfc£c:3. 1 4 V • 7 5 SmA/cm' 
T7 1 7 0 Ocd/m'O&fe A mx- 5 1 5 no. fi«Jffi«x = 0. 2 

9y = 0. 64) ©»3t**«B*n, :©%M^#i^Tl 0 0 0 0 

<2#M#J«:l OmA/cm 2 0^mffilK»jT*8 0 0 $M (9 9 8cd/n l , Ig®jm/£±# 
1. 5 V) *M8«£3 0 0cd/m 2 Tte5 0 0 OftMTfcofc. 
<&ffiftl 5 > 

SKJfifH 1 fcH«fc*MfMLfc. tztzL. xxjik:. flwfcfttt 1-201 
Oftb»)l:«Sft^* 1-10 3 SfflUfc. 

£WEL*^£*E£ftJnLT*ffi£aiLfc<h;:5. 1 6 V • 9 8 OmA/cm 2 
T6 1 4 0 0cd/m 2 <Z)&fe 1 Onn, fe^M^x = 0. 2 

3y = 0. 6 3) ©»3t*s«BS'n, £0£ftttfcjMk2*2M4>? 1 0 0 0 0 

O^WJWttl OmA/ciD 2 ^^mOT»jT3 0 0 0^1 (7 3 0cd/nr\ JMfr*jE± 
#8. OV) $#j»£3 0 0cd/m 2 Ttel 0 0 0 
(HlJfifll 6 ) 

i tw*K:*^ftfp»Lfc. tztzL , fe^atc. «^fk^«i 1-201 

CDftftO tC#J^{fc£!$J I - 1 0 4£m>£. 

^©EL*^lc«jES8JftJLT«8IS:a£Lfc«bC5. 12V, 6 2 5mA/cn 2 
T4 0 3 0 0cd/m 2 <D*i£ (5B3tft^»* A max = 5 0 0 nn. ££&*£x = 0. 
23y=0. 5 8) 0»Jt*«WBSn. ilO«J%t2«ttSXSIftt>T 1 0 0 0 

1 OBA/ci'OfctMKftTS (6 8 Ocd/ur. §BSJjmJE_h 
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#2. 5v> mmmm3 o oz6/m 2 T\t4 o o omm$>? tz. 

(tt&M 1 > 

0 2^0l:N, N' -h'7. (-3-^^;U7x~;U) — N, N ' ->*7i- 
JP-4, 4' -y7a;f7i^ (TPD0 0 1) fcJBUfc. 

wOEL*^t*ffi*ffl0LT««*atLfc < !:^5. 1 3 V • 5 1 8 mA/cnr 
T7 1 7 0 Ocd/m 2 tf)i&£ Amax= 5 2 5 nm. fegj£tix = 0. 2 

9y=0. 6 6) ©*3t*««B$tl. da)«%«ftjRS«Mft>t>T 1 0 0 0 0 
«fH«±«)£l/T^t. J*?g£>¥M$tt:i OoiA/cin 2 (7)^mMifjT6 5 BHD (l 
2 8 1cd/m 2 , ffi»mffi±#l. 5 V) ttJQftft 3 0 0 cd/m 2 Tli 8 0 0 B$|H|T6 

(tt&M 2 > 

0 2©«*>ok:n. n' -t*7; (- 3 -h'7x-;u) -n, n* -->*7x~;u- 

4. 4* -^75/t*7x-;U (TPD 0 0 6) fcflJUfc. 

^©EL^imjEftaUnLTmaEfeaLfct^^, l 4V • 5 3 2 mA/cm 2 
T8 1 0 0 Ocd/m 2 ©i&fi (56^ffi*»fi A max= 5 2 5 no. figlix = 0. 3 
2y = 0. 6 5) OJg^UKSn, £®»Wi*£»2*»H»*T 1 0 0 0 0 

7 3 0cd/m 2 , mW]&EE±%2. OV) ftftflffg 3 0 0 cd/m 2 T« 8 0 0 

(Jttfc0il3> 

0 2^t)Dl;N, N' -tf* (-3- t -7*^;U7x-;U) -N. N ' -v7 
x-;i/-l, 1' -tl'7x-;i/-4, 4' -->*75> (TPD 0 0 8) SfflUfc. 

£®EL**fc«ffi*Blinl,T*ffi£iilELfc<>:::5, 1 3 V • 5 0 8mA/cor 
T7 9 3 0 Ocd/m'O&fe <?8ft&*i£fi Amax = 5 2 5 nm, fejgjffiti x = 0 . 3 
0y = 0. 6 6) ©J83t^«K*n. Z(Z>5B3tttttJ»a*»BB«t»T 1 0 0 0 0 
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WMHNa±£*LT^fc. ®g£>¥M$lil 0mA/ci 2 cO^lCT©,T2 9l$ffl (1 
7 4 9cd/m 2 , «»*ffi±JH. 4 V) tmmm3 0 0cd/m 2 Tte5 0 O^IBJT* 

<Jt&#J4> 

0 2©^Ol:N, N, N' . N ' -rh7^ (-m-t*7x-JU) -1, l ' 
-t'7x^-4, 4' -<>*7 = > (TPD 0 0 5 ) fcfflUfc. 

^OEL*^l3*E*EPJpLT*8lE*SlEL/ti:^5. 14V - 6 4 3mA/cm 2 
T 1 0 2 7 0 0 cd/m 2 tf)&£ A max= 5 2 5 nnu &gmm x = 0 . 

28y = 0. 6 8) ©»tt*t«B<Stt, C ©£3fefi«*S*gBS[*T i 0 0 0 
0»*M£U:«?£LTlr»fc. »g£>¥$SUtel OraA/cDi 2 CD^«OT|i),Tl 1 5l$ffi 
( 1 8 4 2cd/m J , Bft*jE±*l. 8 V) OTJSfg 3 0 Ocd/m'T'tel 6 0 0B# 

<tttt«5> 

*«HiiB«k:*^ftfl£«Ufc. fc*?u ifta-Allc. Hawaii- i 

0 2©ftfcOl:N, N ' ->'7i^-N, N ' -\L7s- (-4' - (N- (3 
(TPDO 1 7) fcffl^fc. 

^OEL*^k:«Eft8]JDLT«aEtfllLfctc:5. 14V-71 5bA/m s 
T 7 5 6 0 0 cd/m 2 tf)&£ A max= 5 2 5 nm. x = 0 . 3 

2y = 0. 6 6) ©583t*««BSn, C©5g3fcttK«ia*»Hftf T 1 0 0 0 0 
WW«±££LTlr»fc.**©¥*JBttl OmA/ci> 2 ©£*9M8»Tl 9 7^M(i 
15 6cd/m 2 , &»SJEE±#2. 3 V) ftgjffg 3 0 0 cd/m 2 -ete 2 0 0 0 BSffiT 

<Jt»« 6 ) 

MMUiqicmfliH^. fc£L«*Bl;:«jftfcSfc I - 2 0 1 Oft 
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tOELm^zn&^miBbTnm^mbtztZ^, l 6 V • 8 4 OnA/car 
T?6 0 0 0 0cd/m 2 Of^fe (5SJtffi*«fi Amax= 5 4 0 no. Mix = 0. 
3 7y=0. 6 0) <D%K1)W®2tl, Z 0f§ftte3i;&g£gHM*T 1 0 0 0 
OTOl^LT^t. ^©^^til OmA/coi 2 W£mCT£!jTl 0 0 1*111) 
(8 0 0cd/m 2 . J&iftmEE±#3. 2 V) ?jQ#j&¥j£ 3 0 0 cd/m 2 Tte 5 0 0 m 
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±E«S*J:0.a(I)O^TU>»»*i:a(n)©xh57'J-;P>?7S>tt5| 

#7*£fi±K#7-7>r ;P*-K£S±A>h8!CR- 2 0 0 0££H>Tg 

ASFKLumogen F Red 300$ 2 wt*8«Lfc feO*ffl^T26* L LT5 # 
mfftCJ^jSL.S SHZ10±II^--A-zi- hSrS±A> hSSCT- 1 fcfflHTJfe 
LT 1 /xm»CJBj5£Lfc. ^<7>_btz, 1 0 OnmCD I TOfcXAy * 

0, *fe£#S^m*tt»ttfi*fc*Anax*«6 3 OnmT&O. AnaxtfififlD*^ 

^OEL*^K:«BEt8IllDLT«ai**LfciC5, 1 5 V • 6 1 5mA/cnr 
T9 0 0 Ocd/m 2 0)*£ (IB^ffi*&fiAiax= 6 0 Onm, fiM^x = 0. 6 0 

y = o. 3 8) (Df&mwmzn* z(D%mmmmmn®5i<pT' i o o o om 

<H$S0iJ8> 

Xttflll IC*3^T, IE?L*&i£E£#J*tt£#ni- 1 0 2 £;P7U>«!;£ 1 0 : 

-©EL^^tzmffi^EPinLTm^^^Lfei^^, 14V- 7 5 OmA/cm 2 
T7 9 8 0 Ocd/VO&fi (2gft£*j££Amax = 5 2 5n«, 5 5 5 nm. 
x = 0. 38y=0. 5 7) ©JMfoMHBSn. 

1 0 0 0 OftWfiUigjeLT^fc. l 0 DiA/cni 2 0^moiiilE©)T 7 

0 0P*M (117 3cd/m 2 . ggiftmE±#2. 5 V) . «J«l»ff 3 0 0 cd/m 2 Ttt 
4 5 0 0^B)T*ofc. 
<f&i60!l9> 

Irvr. f£ftS£. iE7LSA$Sljitt'ft;n#Ji: LTN, N. N ' N* 
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-f (-m-k'7i-W -1, 1' - t'7x~;U- 4 , 4* -y*7S 

> (TP DO 0 5) . tt^aAH&ttffcSlbtLTMJT. (8- + /'Jy7M 
7;i^^A (A1Q3) S&I8JI; 5mn/secTfc*U 

■£*l£ITO£0!l*{fc£#l 1-10 3 tilfisno. 0 0 7nm/secTs£«LT4 
OnmJPOrl^/I.iiLT^J&Lfc. fi£lC;feHT, TPD005 :A1Q3 : M 
7jk<t£® 1-103 = 50:50:0. 7 (Rltt) -tOe*»tt*lfi|fa 
1 tB*CLT*^tf^«Lfc. fefc'U MTDATA£fflV>&IE?L&Att2IJi 
«5 0nm/P, T PD 0 0 5 £/fH*fcIE7Ltt2iJltt 1 OnmJP. AIQ3$ffi^ 

Z<DELm?lZW££WlBLT&ffi&ffiL1ttZ?>, 1 8 V • 6 0 OmA/cnr 
T5 4 0 0 0cd/m 2 <D*£& Amax= 5 1 Onm. fiM«x=0. 3 

0y = 0. 6 0) 0«*fca«WB*n. :M«S)|§M^T1 0 0 0 0 
l5ffl&±§££LT^;t. fflgO^MBjtel OmA/coi 2 CD5t«flitJfE»T6 0 o o isra 
(10 3 Ocd/n 2 , m®ni£±.&2. 0 V) , 3 0 0cd/m*Ttt2 0 0 0 

(mmm 1 o > 

^SWlCiJUT. IE?LaAJi£4 OnmfftCJgfigL. lETlfftM/i&T P D 0 0 
5 <hJU^U> ( 7wtJ5) i:tfflHT2 OnnJSCJBtfU IlO-tKBttSfcl&Jfifll 9 
t^gMCTPD 0 0 5 LA 1 Q 3 tffil^fc^tt I - 1 0 3 t ^ffl^T^fiKTSS 

dOEL*^C«fl£S:BIJniLT*«[Sr«EL/ti:C:5. 1 2 V • 6 5 OmA/cm 2 
T6 7 6 0 0cd/m 2 <2*l£ (»^tff>cttfiAiax= 5 1 Onm, 5 5 0 nm. fegii 
x = 0. 38y = 0. 56) <B58#jWM8£ft, ca)58^ttft»SS*S?Ha4»T 

1 0 0 0 0P#RUJ£U:££LT^7t. WgCD^MJWtel 0inA/cm 2 <D£^ij?Elf8®jT6 
5 0<mM (9 0 0cd/m'. S&»jmE±#2. 0 V) , ftJStm& 3 0 0 cd/nr'Ttt 

2 5 0 0 0P#fflT*ofc. 
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mmm 1 1 > 

o 2. m^SA^iii^b^tLThUx (8-*y 'j;7h) tj^-^a (a 

1Q3) (3l3:fI]i;&*M0. 5 nin/secT3&*U ^i^lc^ij 

1-201 fe^Sigg^O. 0 1 5nm/secT^*LT4 0 niuJP jl 
£LT^i£L£. *g£Jf lc£>^T, 0>J^b^«!JlI- 1 0 2 : A 1 Q3 : &mt% 
^1-201 = 50:50:1. 5 (JBSiPit) T'&£. ^OI3^«HSgfy 1 i: f5] 
^(ZLT^^rf^KL/;. 7c/f L> MTD A T A £3 <^£:IE?L&Ai£Si£JIfi 5 On 
■9. II - 1 0 2 £ffl(^£iE7LlBi3£/ite 1 OnmJIU A 1 Q 3 £ffl^7cm-?£A«ii£ 
®«2 OnmJ?<!:L£. 

H©EL*^H*E*BPJDLT*aE&fitttfctC5, 13V - 75 OnA/cm 3 
T9 8 0 0 0cd/oi 2 Oifi (fi*lI*fc£Ainax= 5 2 5iidk MIIx = 0. 2 
9y = o. 6 7) <D%ytt>mmzti> C©^IM^5?i^T1 0 0 0 0 

5#fTO±££LT^fc. mm<D¥ffiM\tl 0mA/cin 2 CD£Mfg©jT4 0 0 0P#^ 
(110 0 cd/m 2 . mmmEE±W 2. 0 V) . flJSmg 3 0 0 cd/m 2 Tte 18 0 0 

<H»J 1 2 ) 

mmzmTTsitiswu- 1 o 2 £a i Q3 tmrnits® 1-201 tzm^TMti 
•tztefrttm&\zLTm?%ft®Lfr. 

Z<DZLm : ?-\,znj£ZmuLTnmZffiLrz£Z.z>. l 3 V • 9 0 OmA/cm 2 
T8 0 0 0 OcW<DM®& (5!ft@*fcgAniax=5 2 5 nm, 5 6 0nm. 

^x = o. 40y = o. 55) <D%Ktmm-zn> zo%mt&.%k%m%®%* 
-ci o o o omr*m±%feLT^tz. w§zm*®m*i o^/cm'omnmmmx' 

6 0 0 om*l (10 5 Ocd/m 2 . SK^m/E±# 1 . 5 V) . ®mm%3 0 Ocd/nr 
Tii2 5 0 0 OP^T&ofc. 
<IHfe0iJ 1 3 ) 
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nmW9, lOKfc^T. MTFita^O 1-10 3 (Dftt)*) iZ, #J^fc£$III 
(HiSfll 1 5 > 

iWJn« i2{i*3^x, i - 2 o i ©f^oic, m^it^mi 

(HIS«SJ 1 6 ) 

^Wii, i2i:*HT, #J^{t£#n - 2 o i oftboi:. WnHtsmv 

*IC#ft»Jt»C»JSLfc#«|EL*^©§«6«f65%r. ST. CtibC7)^«j 
mzm^tzlE-K®.\mmv>fc%®H I M. IE?Llilii®fflcO^^*5«t^]E7Llil3i 
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X^T\ 7T'J>If§3Hfc (MTFita^J 1-10 3) . J^U> (^J^ft^^l 
-2 2) *>cttf h U7, (8- + y'J y y b) 7)1>S-01> (A 1 Q 3 ) OftX* 

<#%#i i > 

m^ioomoi rommmm mm) z&tzx^xmfo a. i m m 

1 0- 6 Torr^TMffiL/i. 

-;U) ] ^ >->*->*> (HIM) Sr^jig 2 nm/secT 5 0 nmOJ?£ {cj^ U IE 
7L£A/I<i:L7c. 

y,N'J'-7h7^ (-3- t*7x~;i, -i-ow ^ >->*->*> (TPDO 0 5) 
£3£iFgg2niD/secTl 0 nmCDjP£ fi^* U lERmmmtLtz. 

HJ 7. (8-^7 "J/^M 7^5 -9 A (A 1 Q3) ii77'J>» 
££s&3£j£g2nn)/'sec<i: 0. 0 2 ni/secT&^Ji U 77 'J i . 0v 

2*>\Z. ftEtfSiSr&oAc^. MgAg (filit 1 0:1) ZMiimmo. 
2nm/secT2 0 0 nniOjf^ \zM% LT&mt U ftttltLTA 1 £ 1 0 0 ni 

S. 8*7^7 MKS^terti (t'-7&g(D¥#<7}.£<7)rti) {J 7 0nmT*ofc. 

<##ey 2 > 

^-f & o ti fttiw e l m=F &m i> t$j^ l £ o -e $> s . 
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JP2l0 0nmtf>ITOi§HJfi® (M) SrSf^^gfc (1 . 1bbJP) ^ 

1 0- 6 Torr^TMEL^. 

] ^>VVy (HIM) 2 nm/secTl 5 nn(Z)ff £ U IE 

N, N.N'.N'-r h?*Z- (-3-f7i-jhl-fjW ^>vv> (TPD 0 0 5 ) 

SSfc, TPD 0 0 5 tF'J7 7*5=*A (A1Q3) 

itfWIJttfl : 1 tfo;U7u> («*ft^i-2 0) $2. 

5volX*tTJ:'5ft:4 0iiiO»*K:***L % BM^-f^©»ioj|^j itLfc , 
^OttOltasii, nco. 0 5nm/sec. 0. 0 5nm/sec, 0. 0 0 0 2 
5nm/sec>L£:. 

; ' J ^ h) (A1Q3) SlflSO. 2nm/secT5 5nn,<7>/P£ 

SSfc. »£E«»t«-pfc**, MgAg (MJtl 0 : 1) £**B£ 0 . 
2nin/secT2 0 OuOIdCfffLTII^, §SliltA I *l 0 Ooin 
^SL^ELSf^fclffc. 

<##0!J 3 > 

*tKELfi^£)f£3!{ 

MJ* (8-*/'j/-7M 7;U=-OA (A1Q3) «X^hMS4 
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ffSl 0 0nin<&ITOa9!*ffi ( U ) ftWT5#7*«fi (l. i nnjp) ft, 

5l*±tfTtt*U UVt7>^, *«llO««*;^-i:ij|i /Ti ! 
x 1 Cr 6 torr£T$EL/!:. 

4. 4' . 4" - HUT. (-N- (-3-/^7x3) -N-7 
x-;U7=y) hU7x-^75> (MTDATA) 2 nn/secT4 0 

N, N, N ' N ' -f" 1-7*7 (- 3 - t*7x-;U- 1 -- f;p) ^ >->-.>*> ( T 
PDO 0 5) ft, ^»i£g2nni/secTl 5 nm<DJ?£ £** U iE?Lft&j| t Lfc. 

*<*T, tt£Eftttftft?*:££. «&Aliiiltt®58**i:LT. h'JT, (8 
-IrSVSyh) T)l^-OA&mmmmo . 2nm/secT7 OnmOJPiS £j£»L 

£bJC. $EEtt$gft£ofc££ ) MgAg (figJtl 0:1) ft«#jijg0. 
2nm/secT2 0 OniOff StaifrLTBSt U §iIilTA 1 ft 1 0 0 run 
&#LEL*-?ftf#£. 

04*^^5^^:, hux (8- ^vuy^M 7;]^-^ (a i Q3) 

tt5 4 0nBttififc»#***ftft*TS. fg^7^7 Hl^Mrmil i o nmT 
<H»J 1 7 > 

**1 OOnnOITOiSWM (fi§£) ft*TS#5X£« (1. 1 mm0) ft, 
*tt«s*J, 7th>, x^y-JUftffl^TjB*tttt»L, *»x*y-;u*a»e. 

1 0-Torr*T«EL7i. 
#^T. N,N , -v7x-JU-N,N'-t'X [N-7 x ~ JU-N-4- h 'J )V (4-7£77x 
J ^ >>*v> (H I M) ft^^j$g2nm/secT-5 0 nnftff $ L, 2E 
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N. N, N' , N' -T" h y^rX- (-3-t*7irjhl-< )V) ^>>*->'> (TPD 0 0 5 ) 
Sr**ait2nB/secTl 5 nmOiP${3^L. E?LI&2fli: Lfc. 
SSiC. TPD 0 0 5iHJ7 (8-+y»J/7h) 7;i^-?A (A1Q3) 

5 vo 1 % £ tr J: 3 C 2 0 nmtf) /* $ L , g£Jf * -f 7 oft 1 OfgftJl £ L fc. 

C©*#<D**Mtt*fcO. 0 5nm/sec, 0. 0 5nm/sec. 0. 0 0 2 5nm 
/sec£ Lfz, 

£/c, TPD 0 0 5 tA 1 Q3 1 : i £ft*cfc5lC. ^*V'j 
>R»*OW^k^»I - 10 3*1. Ovol%^frj;5K2 0 nm<DE£ 

u m*m*<7<»%2<»immtLiz. z<Dt$<Dmmmm\m\ Z o. os™ 

/sec, 0. 0 5nm/sec» 0. 0 0 1 nm/seci: L£. 

/'J/7h) 7;US~*A (A1Q3) «***fto. 2 nm/secT' 5 0 nm<7)J5 £ 

seic* MgAg (ssiti o : i) zmmm&o. 

2nm/secT2 0 OuOfSCIf LtMiL. «SiilTA 1 £ 1 0 Onm 

-0*«EL*^C«JEfcBWDLT««fe»Lfetc:5. 10V- 5 0mA/ cm 2 
T5 0 0 Ocd/m 2 ^^^ «36WcttAiu B 5 6 Onm. 5 0 Qui, feSM^ 
x = 0. 39y = 0. 55) OftfttfaB**. CO»^ttlt»7;i,^>»Bft 
*T1 0 0 0*™a±«*LTl*&. *»W#*3t»©fliB*J:nc J «*tt^< <l: 

1 0mA/cm'OJfc1|iiitSE»jgg»>T4 0 0 0 0 h r (ftM 
1**1 OOOcd/m 2 . aj«Hffi»j«JE7. 2V. Hii!|E±#3. 0V) Tfc-pfc. 

* (5 1 Onm) /)\,zn>> (5 6 Onm) ttO. 6 5T»ofe. *£. fgft*/^ 
h;P®¥ftil3 («*fcT-^05llflEoa|i^Oj«orti) ttl2 0Mfe*0, *VJ> 
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<Jt»fl|7> 

7lC*lr»T. TPDO 0 5©jE?LI6i2!l£$j£Lfc<7>5, A 1 Q 3 t 
)\'7l'>t9'? l J >t&&MWi&&0. lnm/sec, 0. 0 0 2 5 nm/sec, 0. 0 
0 1 nm/sec-C#^tf U 2 . 5vol%, £VJ>ft£#£l. Ovol% 

^tsnTmrnnkostytm* a omm\zm^L. i q 3 <Dn.^xmmm 

<J£&0J8> 

JfcftmKfcUT. »3tJlO*7 httflfcA 1 Q3O^b0ICTPD 0 0 5 £ 
^fcjE?LlliattO*JttJi*»«TSS*»ttn*»cLT**EL*^*#fc. 

£<Z><!:#tf)C/RteOT&0, 56#*^* hJK7)^Mrti«7 0nmT& 

<Jt&0iJ9> 

**«17tC*^T. TPDO 0 5 0IEft8u§l£S6£Lfc<D-fc>. A 1 Q 3 £ 
;P:/U>£&^i£g0. lnm/sec. 0. 0 0 2 5D>/secT*3RiL, )V?l>> 
£2. 5vol%^trm^l6ii2ttt©?gft®£2 OnaJPHflBsKU £ £ K :i(D±H A 1 
Q3£0T»J >Ri*#£:&aaHggo. lnm/sec, 0. 0 0 1 nm/secT&^it U 

&A 1 Q30m^aA$f«iiSSr5 0MU»t»J«-r-5S^«'|B|«HLTW«EL* 
t)frZ. ^(DtfCC/RttOTfcO. Bft*'** Ml/0>¥fflrtlte7 OnmT&o 
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<Jt&#Jl 0> 

Jt8W9l;:*UT, 2IM«|(D*Xh^tfei:TPD 0 0 5 £ L 

9 fC^T. 0 9^b£v'J >fj§3?&<i;A 1 Q3©f^ 

£$S0tJl 7 1C&(,>T, TPD 0 0 5©IEftSH£/i£«L£tf)l3, TPDOO 
5£;i^U>£&^;gjggo. lnm/sec. 0. 0 0 2 5 nm/secT#^if L. 
U>£2. 5voI%^iE7L^tt0^^^2 OnmiltC^L. *^TA 1 Q3 
<h*VU >i£ig#£#^«j£gO. lnm/sec, 0. 0 0 1 nm/secT#*# U * 
T«J>»»#fti. OvolX*tf«^daStt©Ji3ttJI*2 Oim»k:»*L. *©« 

-^«EL^C«E^BJanLT«aE$8ELfet^5. 12V- 5 OmA/cn 2 
T4 5 0 0cd/m 2 ©Sift <R*«*«»Ami« 5 6 Oni, 5 1 0 nnu fegl 
&x = 0. 42y = 0. 54) OftttMMStl. Z0»*tt|Hi7^:*>#H 

■afc^fc. ffft®¥ttNlttl OmA/cm 2 CD£mraftSBi»)Tl 0 Oh r (iUSHJIf 
Sl 0 0 0cd/m 2 . flJ$S&I*mEE6. 5V, SE»;mJGE_b# 3 . 0 V) Tfc-afc. 

<HJ£^J 1 8 > 

*J6«17fC*^T. TPDOO 5©iE?LII»*t»j«Lfc©^, TPDOO 
StAlQ3t)\,7U>ZZmmmmo. 05nm/sec, 0. 05nm/sec. 0. 0 
0 2 5ni/secT#fc*L. TPDOO 5 : A 1 Q 3 tfil : l )\,7\,>tfi 
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2. 5vol%^i;*l£>?g£/f *<:/tf>?gftJf £2 OnnJStJBfifcLfc. *UTA 1 Q 
3 t^TU 0. lnm/sec. 0. 0 0 1 nn/secT*** U 

&A 1 Q3<Z>m^£Afai£^£5 0 nmJiKMTStf ^ttMli LT#$E L 31 

^©*«EL*^C«ESH«lDLT«aE*aEL&tC5. 12V- 5 OmA/cm 2 
T4 0 0 Ocd/m 2 0)3t&fi (5B3tffi*&fiAmax= 5 1 0 nm. 5 6 0mi, fegffitR 
x = 0. 42y = 0. 54) ©SgfttfUBSn. Z 0»ftttttji7^=r>»Hft 
*T1 0 0 OWIBJEU:*«LTV>fc. »»W*5B*«OW5!*jJ:afj«fttt^<tt 

0mA/cm 2 O£miISg®j!§EiljT4 0 0 0 Oh r ($8] 
**1 0 0 0cd/mVOTE»jmE6. 9 V, g|)lE±#3. OV) TS^t 

t>i;fl)tLTi^:iW5. z<D®$(D9£ytz^>7 h;ntc/R«o. 42 

<I£«J 1 9> 

TPD 0 0 5 tA 1 Q3W#«fjt£TPD0 0 5/A 1 Q3 = 7 5/2 5 

^©*«EL*^t«ffiftBPftlLT«»tii(ELfcti5. 12V- 5 0mA/cDi 2 
"C4 10 0c(l/ii 2 ^fe (f8^ta*ft*Aaiax= 5 1 0 nm. 5 6 0 nm, fiSJIS 
x=0. 3 2y = 0. 5 8) 0»#*i«B3ft, COfg5ttt<£<ft7;Hf>«Hfl 
*Tl 0 0 0*W£U:ftJ6LTV»&. mmt%XM<Dl&m&&M%\*£<t£ 
^ofe. l 0nA/ci 2 OS««8S[iie«iT 3 0 0 0 0 h r (ISO Ml 

WS9 0 Ocd/m 2 , #J$|gI&®EE7. 2 V, SEt)jmff±#2. 5V) T&ofc. 

EI 1 21:^^^ hJUSr^f. B12«k0, ^7'J>»I#t)^U>*Jt 
fcKfgftLT^SCitffc^S. dCD^Oftft*^? HJHtC/Rtt 1 . 4T 
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<nmm2 o> 

mmmi 7»c*^x. as*** 70m 2 htt^ 

TPDO 0 5<hA 1 Q3©#ftJt£TPD0 0 5 /A lQ3=66/33£&5 
J: 5 CT5 S^ttRttt: LTtiE L f^Fft ft. 

Z<D&mELm?lZM&£$imi,TnffiZinL1ZtZZ, 1 2V - 5 OmA/cm 2 
T3 5 0 0cd/B 2 ©lt»fe (fg7ftI*fcfiAmax=5 1 Onm, 5 6 Own. &mmm 
x = 0 . 34y=0. 5 7) ©JgftTMIKSn. ^©56*fiftj»7;^>»Bag 
<PT1 0 0 OtfW£U:3**LTtr>fc. &#W#fS#$©ai31fc£tf£fitt£< ft 
J^ofc. 0mA/cm 2 ©^^^®,|gt!,T'2 0 0 0 0 h r (lUJII! 

J*g9 0 Ocd/V, SDSHSKIfrmjE 7 . 3V, mW)W£±& 2 . 5 V) Tfcofc. 

01 3ICSS*7^ El 3<fcD, * V U >&m»£)\,7), >tft 

<^^J 2 1 > 

TPDO 0 5 £A 1 Q3(D#»Jt*TPD 0 0 5/AIQ 3 = 2 5/ 7 5 £fe* 
«fc -5 let* «*>ttEl«i;: LTWfcE L 

^0*«EL*^K:mffi€aiJpLT*«ftaELfciC:5, 12V- 5 0mA/cm 2 
T4 2 0 Ocd/m 2 ©SS*i& Amax= 5 1 0 nm, 5 6 Onm. feflgjffiflf 

x = 0. 47y = 0. 51) :©M«Si7Ai>5?fflg 
*T1 0 0 OI*|H]&±5fe£LTHfc. S?»«^563ta©ffiS*S«kCXricfitt^<^ 
rt^fc. »&©¥$*8tel OuA/cn'WjesSitffiftSKftTl 5 0 0 Oh r (SJ«B 
««9 0 0cd/V. 8JJ8SKlfrSlE 7 . 5V, mW]MJ£±^2. 5V) Tfcofc. 

01 4<C&ftX^ HUfe^T. Hl4«k0. ?7'J>^tJ^U>^i 
t)IC583tLTV»*C:t^to^5. C©*^0563tX^^ h^JtC/RtiO. 25 

8 Onrefcofc. £©£511, a£«©** H*m©ft 
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it <d IB @ 



n 5\ 



N 



? 3 


R 2 










R 7 





(I) 



[5t(D*, r,. R.*J:tfR,ttfc***iK^ % 7 
7'j-;«. 7^s. i^f^iJfctt^isgL, cti^fi 

WI-'C'bStt*t,©T*^Tt>«fc<. R.-R»tt#*SUlC»^LT»*»j«L 
Tt>«U>. R4*Jj:^R,t4#^*3MC^. 7A 7 U -;Ug£^U 

«fctfR«£RTtt#*Str>fc|S£LTSR*»aLTfc«k^. ] 
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[^(11)+, Ari, Ar 2 , A r 3 *5j:tfA r 7 'J L . Ar, 

-a r «(D?^<D'>ft< th im\t, 2m^±(D^>a>m^^r^^m^tz 

ttS&itea>&R»3ftS£lS©7U-;i>STi&S. R,.43«fctfR li ti:&*7^4 i 
£*7U-JUg£SU rfccktf ste&* 0£fctel~5C7)ggT&.5. ] 

3. hAIS** htm***/ ij y^h^JKtt#T*S»*OI5BBIB2«Ofi-tKE 

e»lCTIE^ (I) -cmtttlZ Tf2^ (III) T'i$n5^t^J 

K>fb£tt*fcttTEa; (IV) T^$tll>7f U Wb^^ F-ZO h 




(I) 



R.*£tfR.tt#*7;U*JU£i-fctt7'J-JUS£gU R.tR,. Rr,<!:R«:fc 
i^RetRi^SHIC^LT^^MLTfeJ:^ ] 
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(III) «K Ri.*sJ:^R2 S tt#*7K*JK^ 7;i>*;i>££fcHi:7 'J-;Ug 
5. t*fcttu**2&±T»*i:*, B»TSR,.B±*fcttR t4 H±mui: 



(^34)v 




oTfcJ:^ R>4tt7U-^75y**fctt7'J-JU7Sy7'J-;P*t*L. 
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